The alkylaluminum-complexed zirconocene trihydride cation [(SBI)Zr(µ-H) 3 + . The latter then becomes the resting state for further propene polymerization, which produces, by chain transfer to Al, mainly AlMe 2 -capped isotactic polypropene.
Polymerization of R-olefins by zirconocene-based catalystsswhile being applied on industrial scalessis still not sufficiently understood with regard to its mechanism, as exemplified by recent reports that about half the zirconocene content of such catalyst systems is present in the form of unidentified species. 1, 2 We have recently observed that the Me-bridged heterodinuclear cation [(SBI)Zr-(µ-Me) 2 AlMe 2 ]
+ , a known constituent of catalyst systems activated by methylalumoxane (MAO), 3 reacts reversibly with alkylaluminum hydrides to form the previously unreported alkylaluminum-complexed zirconocene trihydride cation [(SBI)Zr-(µ-H) 3 (AlR 2 ) 2 ] + (Scheme 1). 4 An equilibrium constant of ca. 10 2 , determined for the reaction shown in Scheme 1, 4 indicates that substantial portions of any MAO-activated zirconocene catalyst will be converted to the trihydride cation whenever such a catalyst system acquires hydride equivalents. Since many recipes seek to increase the activity and/ or stability of zirconocene-based catalysts by addition of diisobutylaluminium hydride 5 or of triisobutylaluminium 6 (from which hydride equivalents can be derived by elimination of isobutene), alkylaluminum-complexed zirconocene trihydride cations are likely to be abundant in such catalyst systems. We have thus set out to investigate which roles cationic trihydride complexes of this type might play in zirconocene-based catalyst systems for the polymerization of R-olefins.
When 8 while GPC analysis yields a normal polydispersity index (PDI) of 1.90, together with an unexpectedly high mean degree of polymerization, P n ≈ 1880 (see Supporting Information).
That the mean chain lengths of the polymer products exceeds the initial [propene]/[Zr] ratio by almost 2 orders of magnitude indicates that the available monomer is incorporated into Zr-bound polymer chains only at a small fraction of the Zr centers present. Such a situation will typically arise if chain growth is faster than chain initiation, which in this case probably occurs by insertion of propene into one of the Zr-H bonds of the hydride cation [(SBI)Zr(µ-H) 3 (Al . 9 The NMR data of the polymer product show that chain growth is terminated mainly by -hydride transfer from Zr-bound polymer † California Institute of Technology. ‡ Universität Konstanz. 4 ] to a solution of (SBI)ZrCl 2 in toluene-d 8 sis exposed to propene at -30°C, we obtain the results represented in Figure 2 : Over an initial period of ca. 2 h, the HAlMe 2 signal at 2.72 ppm 10 Olefin hydroaluminations are well known to be catalyzed by zirconocene hydrides; 13 they are generally accepted to occur by olefin insertion into Zr-H bonds and subsequent alkyl-hydride exchange between Zr and Al centers. It is surprising that this reaction is catalyzed only if HAlMe 2 and/or AlMe 3 is present in the reaction medium and not at all with HAl i Bu 2 alone. From our present results we cannot determine which thermodynamic and/or kinetic factors are responsible for this difference in reactivity. , another catalyst for propene polymerization. Mechanistic features that might be responsible for this unexpected divergence in reactivity and the role of zirconocene hydride cations in MAO-activated polymerization catalysis will be subjects of further studies.
